Decomposition is responsible for returning the organic matter of dead plant and animals to the ecosystem. Decomposition is first carried out by fungi and bacteria, and then by large variety of arthropods (Weigelt 1989) . The process consists of the metabolic transformation of organic matter into simple organic and inorganic compounds, with energy release. The degradation process is continuous, but its division into stages makes their study easier; the number and duration of stages are highly dependent on climatic and seasonal variations (Keh 1985; Richards & Goff 1997) . The importance of the decomposition process has reached beyond its role in nutrient transformation, as it contributes for the establishment of associated communities (Moura 2004) .
Studies of fauna associated with cadavers are the most important application of entomology to legal medicine, whereby stored data can be used as forensic indicators. Some of the species collected in these studies not only visit the carcass, but also use it as a resource during their immature development stages (Keh 1985) . The identification of larvae development period makes possible the determination of the post-mortem interval (PMI) (Catts & Haskell 1991) . Firstly, the determination of PMI depends on the physical conditions of the cadaver; in late-decomposition cases, on the study of bones and associated fauna (Oliveira-Costa 2008) . For greater reliability, such studies are conducted by an entomologist and other experts, such as a legal physician and a forensic pathologist (Catts & Haskell 1991) . These studies provide an initial data basis on species adapted to human biocenose and their oviposition preferences, indicating the species to be used for forensic investigations. In Brazil, most studies of this kind have been conducted in Rio Claro (Gomes & Von-Zuben 2004) , Campinas (Monteiro-Filho & Peneireiro 1987; Sousa & Linhares 1997; Carvalho et al. 2001; Carvalho & Linhares 2001) , Rio de Janeiro (Salviano et al. 1996 ; Oliveira- (Moura et al. 1997 , Mise et al. 2007 .
Insects of forensic importance from Rio Grande do Sul state in southern Brazil
In our paper, we discuss two central issues in forensic entomology. First, the truly necrophagous species that can be used as forensic indicators in the Pelotas region, southern Brazil. Second, we discuss the seasonal insect behaviours. Both approaches will contribute for the development of forensic entomology in the extreme South of Brazil, as a data basis for further medico-criminal investigations in the region.
MATERIAL AND METHODS
Site description. The research was conducted on the campus of the Universidade Federal de Pelotas (31° 48' 58'' S; 52° 25' 55''W), Capão do Leão, Rio Grande do Sul (RS), southern coastal plains, bioma Campo Sulinos, Brazil. The climate is Cfa (Köppen classification), with annual mean temperature and rainfall 18.2°C and 1283 mm, respectively.
Experimental proceeding. Metal cages (50 cm x 40 cm) were used for the exclusion of necrophagous vertebrates. Each cage was placed at a depth of 10 cm, for carcass contact with the soil. At each collection site, a small area was cleaned for better visualization and installation of the cage, following the pattern described in Monteiro-Filho and Peneireiro (1987) .
Four female rabbit carcasses , with mean weight 2.67 ± 0.71 Kg were used. All animals were mechanically killed by cervical displacement; chemical substances that could affect the decomposition process were not used (Micozzi 1986 ).
Specimens Collection. The carcasses were observed daily, between 11 am and 2 pm, with a minimum observation time of one hour per sample. The following data on carcass condition were collected: decomposition stage, presence of larvae, and decomposed organs, following the stage nomenclature proposed by Rodriguez & Bass (1983) .
The collections were conducted with minimum impact on the fauna, particularly on the immature specimens. The actively flying insects were collected with a modified entomological net. Insects not captured for the trap and immature specimens in larvae stage were collected directly on the carcass and in the cages, with tweezers. All adult insects were killed with ethyl acetate and preserved dry by entomological mounting or in alcohol 70%.
The larvae were placed into containers with ground beef, and placed in larger vials containing moist soil brought from the collection site, for further pupariation of the reared individuals. These vials were properly labelled with the date and larva instars', and covered with tulle. The pots were placed at the Laboratory of Biology of Insects, Microbiology and Parasitology Departament, Universidade Federal de Pelotas. Temperature was not controlled until adult emergence due to seasonality.
Climatic data were provided by the Agriculture Climatological Station, Embrapa-Universidade Federal de Pelotas.
RESULTS
Environmental conditions. Maximum and minimum temperatures are in Figure 1 , and means of relative humidity are 72, 78; 82, 3; 89, 5 and 85, 71% in spring, summer, autumn and winter, respectively.
The lowest mean for maximum temperature occurred in the winter. For the other seasons the temperature was approximately 27°C and a variation lower than 1°C. The widest temperature range per day was observed in the summer (13-31.6°C) and fall (19-30.2°C).
Relative humidity means were stable in all seasons, approximately 86%, except for the winter, when the lowest relative humidity mean was observed.
The duration of each experiment accomplished a change of temperature on each season (Fig. 2) .
Decomposition Stages. Fresh Stage. Carcass shape has no visible change. Only the body has a slight muscular rigidity that disappears in a few hours, except in the winter, when rigidity lasted approximately 48 hours. Small lesions on the nose and the external ear due to the action of Pheidole sp. and Camponotus rufipes Fabricius, 1775 (Hymenoptera, Formicidae) can also be seen.
Bloated Stage. The abdominal region swells due to bacterial action (Smith 1986) . It is in the bloated stage that some ovipositions can be seen, particularly in the mouth and anus, which leads to an increase in the populations of Pheidole sp. and C. rufipes. These individuals start predating eggs and some first instar larvae. Other insects also begin to visit the animal, such as Deltochilum sp. (Coleoptera, Staphylinidade), Euspilotus "group''azureus sp. (Coleoptera, Histeridae), and Oxyletrum discicolle (Coleoptera, Silphidae).
Decaying Stage. The greater structural changes in the carcass and the intensification of insect action in the decomposition process can be observed. This stage has the greatest richness of species, which are attracted either by the exudates discharged by the body or by the large quantity of larvae developing in the carcass. Larvae of Peckia (Pattonella) resona (Lopes, 1935) (Diptera, Sarcophagidae) and other insects start to develop, such as Dermestes maculatus (Coleoptera, Dermestidae) Gastrisus sp. (Coleoptera, Staphylinidae), Necrobia rufipes (De Geer, 1775) , and Necrobia ruficollis (Fabricius, 1775) (Coleoptera, Cleridae). Populations of Pheidole sp, C. rufipes and Euspilotus "group''azureus sp. also are maintained.
Adipocere-like Stage. This stage is characterized by hydrolysis of the carcass fatty tissue. The carcass loses its shape completely and becomes a mass of non-decomposed hair, fat, skin, and cartilage. Decomposition occurs firstly in the subepitelial fat, which becomes a mass containing parts of the digestive tract. The skin becomes rigid and protects the larvae remaining in the carcass as well as the insects attached underneath the carcass, on the soil. No insect characterizes this stage, but Sarconesia chlorogaster (Wiedemann, 1830) (Diptera, Calliphoridae) and Muscina stabulans (Diptera, Muscidae) were present in winter.
Dry Stage. In contact with air, the carcass skin dries completely due to the incidence of sun rays. Also in this stage, the internal organs decompose completely. Decomposition starts to slow down, with a strong decline in the number of associated species. The skin portions exposed directly to sun rays become very hard and partially twisted. Diptera do not oviposit in this stage. We found final instar larvae of D. maculatus and Oxyletrum discicolle, as well as adults of Pheidole sp, C. rufipes, N. rufipes, and Gastrisus sp.
Insects of Forensic Importance. Of the 5.239 collected specimens, 1.827 were obtained from the larvae collected on the carcass and reared. All specimens were identified and 20 of them have medico-legal (Table I) By observing reared species, we found that Calliphoridae is firstly seen in the carcass two to four days after the individual death. Only Hemilucilia semidiaphana was found six decomposition days, in winter. Larvae of L. eximia were found in the first days of carcass exposure, whereas larvae of C. albiceps were found mainly in the last decomposition stages. Among the Muscidae, larvae of M. stabulans were found two days after the animal death and the larvae of S. nudiseta were found three days after the anima death. Third-instar larvae of Peckia (Pattonella) resona were found approximately four days after death, in autumn and winter (Table II) . The O. discicolle larvae were first seen nine days after death in autumn and after 10 in winter; D. maculatus were found after 12 days, in winter. 
DISCUSSION
The carcass decomposition period in our study differs from previous research results obtained in Brazil and other countries, probably because variation in carcass size and environmental conditions was important for determining process duration. In Curitiba, the decomposition period of rats weighing approximately 250g (Moura et al. 1997) was five times shorter than the period observed in our study, and approximately three days longer for pigs weighing 10 Kg (Carvalho & Linhares 2001) . In India, the decomposition rate of rabbits weighing 1.2kg was lower than the rate we observed (Bharti & Singh 2003) The decomposition period for carcasses of rabbits reared in the desert was much longer, particularly in the last decomposition stages (Tantawi et al. 1996) .
The findings above support the hypothesis that communities are affected by local and geographic variations Campobasso et al. (2001) , although it is widely accepted that bodies decompose more slowly in forest areas (Carvalho & Linhares 2001) .
The necrophagous species collected in our study are very similar in genus to those collected by Carvalho & Linhares (2001) in pigs, by Oliveira-Costa et al. (2001) in human corpses, and by Moura et al. (1997) in rats. Carvalho & Linhares (2001) collected eight species of Calliphoridae; two of them were dominant, as also found by other authors such as OliveiraCosta et al. (2001) , who collected seven species and three of them were dominant. In this kind of community, one or two dominant species are commonly found, which suggests that they should be considered as potential species for the determination of PMI (Goff et al. 1988) .
In our study, L. eximia and C. albiceps did not prefer any season for visiting the carcass; they alternated their population peaks and presented an inverse relation. This situation can be easily observed in the summer, when C. albiceps was collected in larger numbers and L. eximia was little abundant. This might be due to the predator role of C. albiceps (Denno & Cothran 1975) , thus explaining the asynchronic behavior of the two species, as they were constant in winter, due to the longer decomposition period that enhanced the species' coexistence (Moura 2004) .
Hemilucilia semidiaphana and H. segmentaria also were collected in Curitiba (Moura et al. 1997) and Campinas (Carvalho & Linhares 2001) , the former collected in winter and the latter in autumn. In our studies, Hemilucilia semidiaphana and H. segmentaria were collected in the summer and spring. Sarconesia chlorogaster, an essentially necrophagous species (Bonatto 1996) , was collected only in winter, as also observed by Moura et al. (1997) .
The Sarcophagidae Peckia (Pattonella) resona is very common in carcass and had been collected by several (Moura et al. 1997; Monteiro-Filho & Peneireiro 1987) . The species was collected in autumn and winter and its larvae, as well as larvae of Calliphoridae were in found in large numbers and in no competition. The synchronic carcass exploration by larvae of Sarcophagidae and Calliphoridae does not necessarily result in competition because each of these families uses the carcass in a different way. The Sarcophagidae are ovoviviparous and deposit their larvae on the carcass, thus feeding themselves immediately. The Caliphoridae, on the contrary, deposit their eggs. The two families also differ in development period (Denno & Cothran 1975) .
Muscina stabulans and S. nudiseta grow on the carcass in large numbers and in specific periods. The first occurred only in autumn and winter, and the second only in winter. Muscina stabulans had collected on carcass in Brazil by Freire (1923) , and therefore it still had not been characterized as being of forensic importance, but in Buenos Aires, M. stabulans occurs on carcasses is considered of forensic importance in Argentina (Centeno et al. 2002) . S. nudiseta has already been collected in Rio de Janeiro, Brazil, from human corpses (Oliveira-Costa et al. 2001) . Fannia pusio occurred only in autumn and was collected in Campinas (Carvalho & Linhares 2001) , in all seasons except in autumn.
Among the Coleoptera species, D. maculatus is very common in the necrophagous fauna (Sousa & Linhares 1997; Kulshrestha & Sapathy 2001) . Authors disagree on the arrival time of the Dermestidae on carcasses. For Greenberger & Wells (1998), they reach the cadaver approximately 30 days after death. Early and Goff (1986) collected adults three or four days after death. In our study, the species appeared seven to 10 days after death. Oxyletrum discicolle was collected from the decaying stage on and differing in seasonality. In Curitiba, Oxyletrum discicolle occurred in all seasons (Moura et al. 1997) , differently from observations in the Pelotas region.
Necrobia rufipes and N. ruficolis are very common on carcasses; the first is used for PMI estimation (Sousa & Linhares 1997; Kulshrestha & Sapathy 2001) . Souza and Linhares (1997) collected adult and immature individuals, and in our study, only adults were collected. The other species have the trophic role as larva predators, which makes possible the occurrence of Euspilotus "group''azureus sp. in basically all decomposition stages and in all seasons. These findings are supported by Mise et al. (2007) was collected the genus throughout the year, beginning at the bloated stage. Our data are similar, except for the autumn and spring, when adults were found from the fresh stage.
The species of Formicidae collected in our study were also reported in most studies conducted in Brazil, being considered omnivores (Monteiro-Filho & Peneireiro 1987; Catts & Haskell 1991; Moura et al. 1997) . In spite of these considerations, the participation of Formicidae species is much more important in tropical regions (Conarby 1974) . We observed that they can predate eggs, larvae, and pupae of Diptera, thus acting as a population regulation agent for the fly species population. Besides the trophic role of the members of this family in carcasses, the Formicidae are also important because they leave special marks on the carcass and can also cause lesions due to the action of formic acid. These marks and lesions can mislead an expert ass being death marks (Keh 1985) . (Instituto Nacional de Pesquisas da Amazônia) and Janyra Oliveira da Costa (Secretaria de Segurança do Rio de Janeiro) for the critical reading, and Milton Amado (Universidade Federal de Pelotas) for yielding the rabbits for the experiment, and Paulo Bretanha Ribeiro (Universidade 
